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Abstract 
Quantifying the risks associated with collateralised lending has a particular relevance for central banks, notably in their role as a 
lender of last resort. Central banks are susceptible to losses resulting from double default events where a reverse repo 
counterparty and the collateral default simultaneously. While there is a broad range of theoretical models for assessing and 
quantifying portfolio credit risk and double default, this paper aims to propose a practical framework that uses a portfolio of 
notional CDS contracts with dummy counterparties to represent collateral for loan exposures. A key advantage of this approach is 
that it can be implemented within CreditManager – a widely used risk IT application. Extensions to enable modelling of 
additional heterogeneous pools of collateral and to account for the effect of overcollateralisation are also outlined. The 
preliminary results indicate that applying this framework generates loss distributions that reflect the inherent credit risks 
associated with collateralised lending. 
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1. Introduction 
Quantifying the risks associated with collateralised lending has a particular relevance for central banks, notably in 
their role as a lender of last resort. Central banks are susceptible to losses resulting from double default events where 
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a reverse repo counterparty and the collateral default simultaneously. This paper aims to propose a practical 
framework that uses a portfolio of notional CDS contracts with dummy counterparties to represent collateral for loan 
exposures.  
 
We first provide a general background within which we have developed the framework in question and detailed 
the specific modeling choices and related resourcing implications that have prompted this work. We have used the 
commercially available CreditManager application to implement our framework. This approach is also relevant for 
other third-party solutions (henceforth in this paper, we will refer to both the CreditMetrics methodology and the 
CreditManager application as CreditMetrics). We will then present the framework itself by means of an instructive 
example before outlining our conclusions. For further information, Appendix A of this paper provides a brief 
overview of the associated CreditMetrics methodology. 
 
2. Background 
Central banks are in general exposed to credit risk from two main sources: investment portfolios and monetary 
policy operations (ECB (2007)). In the wake of the financial crisis, monetary authorities in the US and Europe 
implemented programmes leading to significant balance sheet expansion. This has resulted in central banks devoting 
more attention to modelling credit risk as their investment universe has expanded and risk exposures have increased 
accordingly (Archer and Moser-Boehm (2013)). 
 
When implementing monetary policy, central banks typically conduct open market operations in which liquidity 
is provided to banks on a temporary basis (Bindseil et al (2009)). This lending is normally collateralised, and in 
some cases there is a statutory requirement for adequate collateral (eg in the Statutes of the European System of 
Central Banks and in the ECB). More generally, central banks are only prepared to engage in lending for monetary 
policy purposes on a collateralised basis, as unsecured lending is risky and may require a degree of discretion not 
consistent with a central bank’s principles of transparency and equal treatment when providing credit.  
 
While engaging in secured lending, central banks are still exposed to residual credit risk that can materialise in 
double default events when the counterparty that has submitted the collateral and the collateral issuer both default 
within a short period of time (Gatarek and Jabłecki (2014)). In this scenario, a key element of managing credit risk 
for a central bank is modelling the risk arising from joint defaults of counterparties and issuers. As noted in Cheun et 
al, 2009, this risk has increased in recent years, alongside a corresponding expansion in collateralised lending during 
the financial crisis, particularly in the case of the Eurosystem where the volume of monetary policy lending remains 
substantial (see Figures 1 and 2). Consequently, the need for accurate measurement of credit risk is a key concern 
for central banks, especially for monetary authorities that accept a broad range of counterparties and collateral. 
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Figure 1: Collateral and outstanding credit in the Eurosystem 
Source: ECB Statistics 
Figure 2: ECB eligible marketable assets 
Source: ECB Statistics 
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There are, broadly speaking, two main approaches available to a central bank intent on quantifying general 
portfolio credit risk and double default risk with respect to collateralised lending: constructing an internal model or 
purchasing a commercial application. Many institutions that choose to internally model credit risk associated with 
collateralised lending typically use a copula-based methodology. Although this methodology is often considered 
state of the art, some issues have been identified. Gatarek and Jablłecki, 2014, show how the use of a Gaussian 
copula may produce paradoxical and misleading results, such as an inverse relation between correlation and the 
model probability of loss concentration. Other techniques that seek to resolve these issues accordingly merit 
consideration, such as a Marshall-Olkin reliability theory-based approach or more recently developed stochastic 
hazard factor models. 
 
All of these options require significant investment of time and resources. Alternatively, it may be worthwhile to 
make use of commercially available software. Any such choice will require a thorough assessment of the initial set 
up costs but full flexibility of an internally developed solution, in comparison to the ongoing external costs and less 
flexibility of a commercial, off-the-shelf package. 
 
This paper outlines a method – using a portfolio of notional CDS contracts – that seeks to model double default 
risk within a commercial software framework, and which fully takes into account these considerations. This method 
has the advantage that it can be implemented within a short time frame and is likely to be more practical for 
institutions with limited resources. 
3. Framework development 
This paper details how a combination of CDS exposures and loan exposures can be used to estimate risk in a 
collateralised loan portfolio. The use of a CDS-based framework implies that the collateral is represented as CDS 
contracts that buy protection on the underlying loan. This implication establishes a link between the default state of 
the collateral and that of the loan within each simulation, thereby providing a representation of double default risk 
within a standard credit risk application. 
 
The illustrative portfolio below, which details several default loss distributions, effectively demonstrates how 
double default can be represented and implemented within a credit risk application. To ensure sufficient 
visualisation of the results, a portfolio of 20 loans, each with a nominal value of €100,000 has been constructed: 10 
with higher credit quality (rated AA+ to A+); and 10 of lower quality (rated BB to B). Correlation effects are 
captured by linking the higher and lower rated loans to two separate market indices. Similar recovery parameters 
have been assumed for all exposures, based on historical studies for senior unsecured loans (as recommended by 
CreditMetrics); these consist of a recovery rate of 0.4785 and a recovery standard deviation of 0.263. 
 
Table 1: Summary of illustrative portfolio 
Credit rating No of loans Nominal per loan 
(EUR) 
Recovery rate Recovery std dev Correlation 
AA+ 3 100000 0.4785 0.263. 0.5 
AA– 4 100000 0.4785 0.263. 0.5 
A+ 3 100000 0.4785 0.263. 0.5 
BB 5 100000 0.4785 0.263. 0.5 
B 5 100000 0.4785 0.263. 0.5 
Total 20 2,000,000    
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3.1. Illustrative loss distributions 
In assessing the results achieved by modelling double defaults using a CDS-based framework, we first examine the 
loss distributions generated by the standard loan exposure representations available in a credit modelling application 
(Section 3.1.1). To benchmark the CDS-based framework, Section 3.1.2 shows a loss distribution implied by double 
default based on manual manipulation of simulation outputs. Section 3.1.3 presents loss distributions where the 
collateral is modelled as notional CDS. 
3.1.1 Uncollateralised lending with and without collateral haircuts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As a starting point, the default loss distributions presented in Figure 3 in the form of a probability plot are based 
on simulations carried out on the illustrative portfolio described above for loan exposures with and without a 
collateral parameter. The collateral parameter is used to represent haircut collateral on a loan. The second 
distribution plotted in green shows the effect when a collateral parameter of 50% is used to adjust the recovery rate 
on the exposures. This demonstrates the main parameter available to make adjustments to loss given default within 
the application as a basic representation of collateral. The assumption underlying this distribution is that the haircut 
collateral value of 50% serves as the minimum recoverable on an exposure. As such, the recovery rate is still 
simulated according to the mean and standard deviation specified. However, the collateral value acts as a floor 
against the simulated value, as given by: 
 
ܦ݂݁ܽݑ݈ݐܮ݋ݏݏሺΨሻ ൌ ሺܮ݋ݏݏܦ݅ݏݐݎܾ݅ݑݐ݅݋݊ǡ ܨ݈݋݋ݎሻ 
 
Introducing a recovery rate parameter establishes an initial indication of the protection provided by collateral. 
The effect of this can be observed in so far as both distributions are identical for percentiles 65–100. Subsequently, 
Figure 3: Loss distribution: CreditMetrics exposure types 
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as the minimum loss assumption is applied, this effect can be seen initially as step discontinuities in the probability 
plot associated with the collateral parameter. The means of the two distributions are –105,000 and –115,000, 
respectively and the corresponding medians are –102,000 and –85,000. It should be noted that the difference also 
increases progressively towards the tail of the distributions, as the effect of the floor to losses becomes more 
significant. 
3.1.2. Loss distribution: manually coded double defaults 
Simply applying a recovery rate is not necessarily consistent with the modelling of double default directly, as it does 
not account for the joint behaviour between the collateral and loan. One way of addressing this is to define the 
collateral as a separate set of “loan” exposures. These dummy loans can be assumed to have a different credit 
quality. In the example below, the collateral “loans” are, on average, up to three rating notches higher than the 
outright exposures, with identical recovery rates. While it is desirable to assign characteristics to the collateral 
positions, it is important to note that the absolute portfolio losses generated in such a simulation would not be an 
accurate representation of the original loan portfolio, but rather of a larger portfolio directly exposed to both the 
loans and collateral. 
 
However, in order to represent the portfolio fairly, a simulation by simulation output of losses on each exposure 
can be generated. This output can then be manipulated, eg using a Matlab script, to calculate the loss distribution 
that would be implied by a double default of loans and associated collateral, thereby allowing comparison with the 
distributions presented above. In practice, this is achieved by offsetting the recovered amounts on the additional 
collateral loans against losses on the original loans. The results, which are presented in Figure 4 by the data points 
plotted in black, indicate a loss distribution where the shape is significantly different from those based on standard 
recovery rates. Moreover, this distribution demonstrates a lower overall probability of loss, a smoother distribution 
and a degree of concavity, ie intuitively some of the characteristics to be expected of collateralised lending. 
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3.1.3. CDS-based double default representation 
 
While defining collateral as additional loan exposures has some intuitive advantages, it does not specifically take 
into account simultaneous default of both the collateral and borrower. Our framework addresses this – without the 
need for external manipulation of simulation results – by representing collateral in the form of a portfolio of CDS 
contracts.  
 
     The CDS contracts are specified in such a way that notional counterparties are buying protection on the 
associated loans. These CDS contracts have characteristics that match those assigned to the collateral described in 
the previous section. The collateral is made up of a number of CDS contracts, representing own-use collateral, 
sovereign bonds and overcollateralisation. The default loss distribution based on CDS modelled double defaults are 
presented in Figure 5, plotted in red. As might be expected, this distribution broadly conforms to that generated by 
manipulation of the simulation by simulation output, which is plotted in black in Figure 4. However, the CDS 
modelled loss distribution also exhibits a greater ability to capture tail risks associated with double defaults. This is 
quantified in Table 3 below for events beyond the 5th percentile. 
 
 
 
 
 
Table 2: Credit quality of collateral 
Loan Collateral Overcollateralisation 
  Standard 
collateral pool 
 
Sovereign collateral Standard collateral 
pool 
 
Sovereign collateral 
Credit 
rating 
Nominal 
exposure 
per loan 
(EUR) 
 
Credit 
rating 
Nominal 
exposure 
per loan 
(EUR) 
 
Credit 
rating 
Nominal 
exposure 
per loan 
(EUR) 
 
Credit 
rating 
Nominal 
exposure 
per loan 
(EUR) 
 
Credit 
rating 
Nominal 
exposure 
per loan 
(EUR) 
 
AA+ 100000 AA+ 60000 AAA+ 40000 AA+ 10000 AAA+ 2000 
AA- 100000 AA- 60000 AAA+ 40000 AA- 10000 AAA+ 2000 
A+ 100000 A+ 60000 AAA+ 40000 A+ 10000 AAA+ 2000 
BB 100000 BB 60000 BBB 40000 BB 10000 BBB 2000 
B 100000 B 60000 BBB 40000 B 10000 BBB 2000 
 
 
 
 
 
Figure 4: Loss distribution: manually coded double defaults 
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Some additional summary statistics quantifying the extent of the difference between the default loss distributions 
associated with the standard exposures and the double default distributions are also set out in Table 3. Key 
differences are apparent in the means, medians and standard deviations. In this regard, it is noteworthy that the mean 
default losses for the distributions based on the standard exposures range from –115,000 to –151,000 in contrast to  
–24,000 to –34,000 for the double default distributions. Similarly, the respective median ranges are –85,000 to  
–102,000, as against zero to –12,500. The standard deviations also exhibit a marked difference, namely from a range 
of 115–154,000 to one of 48–50,000. 
 
Table 3: Summary of default losses by distribution 
Default loss 
 Standard 
CM loan 
exposures 
Standard 
CM loans 
with haircuts 
Manually 
coded double 
defaults 
Double 
defaults 
modelled 
with CDS 
Nominal portfolio value 2,000,000 2,000,000 2,000,000 2,000,000 
Mean loss –151,119 –115,175 –33,923 –23,772 
Standard deviation 154,195 114,853 48,154 49,917 
Median loss –101,958 –84,562 –12,520 0 
Figure 5: Loss distributions: CDS modelled double defaults 
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10th percentile –384,151 294,617 –102,500 –75,757 
5th percentile –464,685 –347,145 –138,940 –120,681 
1st percentile –68,830 –421,713 –201,328 –244,067 
0.5 percentile –617,696 –437,916 –229,742 –297,611 
0.1 percentile –684,869 –469,409 –299,182 –379,147 
 
Another important advantage of being able to capture the double default dynamics by representing collateral 
using the CDS exposures supported in the software is that it facilitates the use of credit risk applications’ broad 
reporting functionality. Such functionality can generate a range of simulated statistics, such as VaR and expected 
shortfall at different confidence levels, as well as economic capital and standard deviation of horizon value. A 
number of graphical reporting options are also supported. 
 
The basic framework described above is also capable of being extended in various ways. The following section 
presents two possible extensions to account for factors that may be relevant to central banks with respect to 
modelling of monetary policy lending exposures. 
 
3.2. Framework extension 
Two extensions to the basic CDS-based framework for double default modelling described above are considered 
most relevant to central banks in the Eurosystem: the ability to represent heterogeneous collateral pools and 
overcollateralisation with respect to each type of collateral. Figure 6 below represents a graphical depiction of how 
these extensions are achieved. 
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The approach to modelling a pool of heterogeneous collateral may seem modest. It is accomplished simply by 
defining additional CDS representations for each collateral type in the pool. The extension of the basic framework to 
modelling overcollateralisation is more challenging. The approach adopted here specifies an additional layer of CDS 
referencing the actual collateral rather than the primary collateralised loan. In this way, the second layer of CDS is 
only activated where the collateral defaults, thereby acting as additional protection for the original loan. 
 
A drawback of this formulation is that due to the absence of a direct link with the original exposure, additional 
protection can be triggered even where there has been no default on the primary loan. A number of alternative 
arrangements have been explored in an attempt to mitigate this effect, such as employing offsetting CDS selling 
protection on the exposures or reversing the arrangement so that the collateral is represented as a loan and the loan 
by a CDS. However, none of these arrangements has so far proved satisfactory. One possible solution has been 
identified in theory, one which requires a CDS exposure based on a negative notional amount. This arrangement, 
however, is not currently supported by CreditMetrics, though they have indicated that it could be added as a feature 
request in a future release. In present circumstances, the viable options to generate acceptable output using a 
framework in line with that proposed above include the manipulation in code of outputted simulation by simulation 
results, or running the analysis with and without overcollateralisation. The latter approach can be adopted so that 
expected loss calculations and related statistics would be calculated based on no overcollateralisation, in contrast to 
tail risk statistics, which would be calculated based on the inclusion of overcollateralisation effects. 
 
4. Conclusion 
The framework presented in this paper has been developed to simulate double default within a standard credit risk 
package. This is of particular relevance for central banks, which have instigated a notable expansion of secured 
monetary policy lending since the onset of the financial crisis. By exploiting the exposure types currently supported 
within the application, we have shown it is possible to replicate the simultaneous default of a loan and associated 
collateral. Although the framework is not yet finalised and validation is still in progress, initial results have been 
positive in that the shape of the example distributions appears to more accurately capture the risk profile of this type 
of lending. The advantages of this type of framework include the relatively modest set up costs, ease of replication 
and the ability to readily generate risk statistics. In addition, the approach described in this paper could also be 
transferable to other commercial risk solutions. Lastly, there is scope to develop the framework further, particularly 
to reflect the characteristics of more varied underlying collateral pools and achieve more realistic representations of 
overcollateralisation.  
 
Appendix A. Overview of CreditMetrics 
This appendix offers a broad description of the CreditMetrics methodology and the functionality that is relevant for 
modelling credit risks associated with a portfolio of collateralised loans. However, as a complete description of the 
methodology is beyond the scope of this paper, for definitive references we refer the reader to the underlying 
technical document (Gupton et al (1997)). 
 
In general terms, the CreditMetrics framework aims to explain the price changes of a portfolio resulting from 
default and rating migration. Fundamental to the approach is the use of a broad range of historical observations to 
estimate the likelihood of default or a rating migration for a given obligor. In this analysis, functionality is set to 
measure only default risk as loans are generally recorded on a balance sheet at book value. However, analysing how 
changes in credit quality effect the market value of collateralised positions would be a straightforward extension 
Figure 6: Extension of framework 
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within the package. Default risk associated with a loan (or portfolio of loans) varies over time with respect to the 
credit quality of the counterparties. As returns exhibit significant tail risk, it is challenging to parameterise a return 
distribution, thus the methodology applied by CreditMetrics makes no assumption regarding distribution shape. 
Instead, observed default frequency data for a given credit rating are used as inputs. The likelihood of a loan moving 
from a particular rating to default is available from transition matrices, which are typically provided by the rating 
agencies. After applying a probability of default to a loan or position, the defaulted exposure is revalued by using a 
Hull-White approach. It is also possible to parameterise the recovery rates within the tool. 
 
Adding multiple exposures to the portfolio increases the complexity as it becomes necessary to provide estimates 
of the joint probability of default between different obligors. It is nearly impossible to compute transition matrices 
that directly estimate joint default for all the combinations of pairs when a large number of counterparties are under 
consideration. The solution proposed by CreditMetrics applies the theory first developed by Merton to link the value 
of an obligor's assets to a credit rating. 
 
In the original representation of a Merton model, an obligor will default on debt when the asset value falls below 
a default threshold. In the CreditMetrics framework, additional thresholds are introduced on the asset return 
distribution to represent different credit ratings. It is important to note that the credit ratings are inputs in the 
framework and the Merton model provides a rationale for linking obligor asset value to credit rating. The key result 
here is that the change in asset value over the model horizon determines whether the obligor has reached a change in 
the credit rating threshold. After assuming that changes in asset value are normally distributed, it is straightforward 
to estimate parameters to determine the rating change thresholds on the normal distribution. A distinct advantage of 
this approach is that it is now possible to describe how different obligor credit ratings move together simply by 
introducing the correlation between the asset returns of the obligors. By means of a correlation variable to define a 
covariance matrix, it becomes possible to describe the bivariate normal distribution and thus a density function from 
which to estimate a joint probability of a rating change between two credits. The distribution is achieved through 
Monte Carlo simulation. As more exposures and obligors are added to the portfolio, correlations are only required 
for each pair of obligors, which is computationally feasible. Therefore, the only parameters required are the 
transition probabilities and the correlation between asset returns. CreditMetrics uses equity returns as a proxy for 
asset returns; while there may be limitations to this assumption, it is arguably a reasonable approach as observable 
data are readily available. In practice, obligors are mapped to equity indices representing major asset types, 
industries and geography etc. 
 
CreditMetrics presents an elegant methodology for assessing portfolio credit risk by estimating joint default 
among exposures. However, it is our understanding that the application does not currently support the direct 
representation of a collateralised loan and a double default.2 The framework laid out in this paper seeks to apply the 
functionality already available within the package to address this gap, specifically through the use of combinations 
of the standard exposures that are supported at present, ie loans and CDS contracts. 
 
 
 
 
 
 
 
 
2 CreditMetrics have noted that an additional feature is currently in development which could be used to capture double defaults. 
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